23
The paper reviews the pipeline for generation of ortho-photografic and 2D models using 24 digital close-range photogrammetry. It provides a detailed example of the process starting with the 25 calibration of the digital camera and leading to the generation of 2D models, which are required for 26 national heritage documentation in Lithuania. In this study, the close-range photogrammetry is used 27 to record and monitor the environment-induced deformation of the decorative elements on the Image-based modelling using photogrammetry is regarded as one of the best techniques for 1 processing of image data, which provides accurate and detailed 3D information. This technique 2 allows determining the precision and reliability of data parameters from the measured image tie 3 points and control points (CP), which represent the location of matching/correspondence points in 4 two or several adjacent digital images and can be used to link images. Therefore, at least two images 5 are required, and then the 3D information can be derived by applying projective and perspective 6 geometry expressions.
7
The close-range photogrammetry is largely preferred over other techniques for data 8 acquisition and processing when working with architectural structures and elements, which have 9 small objects of irregular shape, for mapping applications and, in particular, for reconstruction of a 10 missing elements in the larger object or for documentation of surface and geometric deformations. It 11 is usually less cost demanding, with fewer time and location constrains and provides an enjoyable 12 experience of working in the team (Remondino and Rizzi, 2010) . It can be employed in many X, Y, Z coordinates the point cloud can be generated), and wire-frame model (element 5), which the 13 contributes to ortophoto generation (element 6) that forms the basis for high resolution 2D model 14 (element 7). Many elements of these elements in the photogrammetric processing must meet 15 accuracy and quality control requirements (element 8). 16 
17
The photogrammetry involves steps that are performed in an automated way (e.g. geo- 18 referencing, image correction, camera calibration, orientation, ortophoto generation) with a little expert knowledge required or manually, where a high level of precision is critical (e.g. for image While executing all the above mentioned processes it is necessary to monitor the accuracy of 7 derived results. The precision and reliability of photogrammetric process heavily depend on that. to be greater than 3 µm. The maximum error ( ) and root mean squared error (RMS) were 10 calculated using following equations:
12 13 where is a mean error of the measurement points in the geometric model. 14 3. Control of accuracy by tying the adjacent models (in the overlapping area or triplets). 15 Following measurements of the tie points on the stereo pairs, the points that belong to the 16 overlapping area of adjacent models (i.e. triplets) were transferred. The relative accuracy of the where -is the image size along the X-axis (mm), -is the size of the overlapping zone (%). 
Results and discussion

12
To test practicality of methodology, which was developed on the basis of the close-range 13 photogrammetry, an applied study was carried out using digital images of the heritage object.
14 Below we describe key steps of the image acquisition using professional camera and image 15 processing, which were performed on decorative elements (ornaments) in Uzutrakis palace. 16 The images of the chamber wall were taken using the lens with the focal length of 14 mm, 17 while the smaller of the wall containing ornaments were captured with 85 mm lens. Ornaments In order to perform the interior orientation of images, the central point of images was 14 measured, the coordinates of which were equal to the half size of the image matrix (in pixels). 15 Based on the camera calibration results ( Often, the relative accuracy of the orientation was assessed using reduced survey basis b x 8 when the overlapping was 60-90%. As a consequence, the ratio of c/b x increased, and therefore, the 9 values of triplet errors were also increased (see Table 3 ). Table 3 . Acceptable triplets mean error for images 12 13 Focal length c (mm) 
where M -is the output map (plane) scale; r -is the maximum distance from the image point to the 2 nadir point (mm), which is equal half of the diagonal of the "working area". In order to evaluate derived values, the ortho-photographic model compiling was assessed.
9
Using equations 1-4, parameters characterising the quality of triangulation were estimated (Table   10 5). The comparison of obtained data (Table 5 ) with the theoretical values in Table 4 revealed   17 that achieved results are of a high accuracy and reliability. It should be noted that due to 18 imprecisions in the approximation of tie points, it was observed greater mean of triplet errors in 19 some cases where tie points were used for triangulation. Altogether, these results allowed to expect Using equations 1 and 2 the accuracy of the ornaments of ortho-photographic models were 1 calculated and presented in Table 6 . The obtained ortho-photographic models were of high quality. The accuracy of first 7 ornament met the scale requirement of 1:50 (Table 4 ). The accuracy of second ornament met the 8 requirement of the scale 1:10. The ortho-photographic models are geometrically correct and 9 coordinated, because of the usage of AutoCad software to be able to draw the structural lines of the 10 ornaments (Figure 7 ). The surface of the ornaments was not disturbed. The structural drawings of ornaments were used for restoration of decorative elements in 17 Uzutrakis palace. They are also stored in the archives of the cultural heritage in Vilnius, Lithuania. by the accuracy of the CP and tie points for the object during the photogrammetric measurements. 17 The obtained ortho-photographic model during the photogrammetric measurements was 18 geometrically accurate and orientated. Developed model permitted to depict a precise structural 19 description of the ornaments.
20
The established close-range photogrammetry pipeline can be used for documentation and 
